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HW 7: Due Friday 2 March 2012 
5.2, 5.4, 5.7, 5.14, 5.21, 5.27, 5.32, 5.35, 5.37, 5.38, 6.1, 6.6 


Problem 5.2 When a particle with charge q and mass m is introduced into a medium 
with a uniform field B such that the initial velocity of the particle u is perpendicular 
to B(Fig. P5.2), the magnetic force exerted on the particle causes it to move in a circle 
of radius a. By equating Fm to the centripetal force on the particle, determine a in 


terms of q. m, u, and B. 
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Figure P5.2: Particle of charge q projected with 
velocity u into a medium with a uniform field B 
perpendicular to u (Problem 5.2). 


Solution: The centripetal force acting on the particle is given by F = mu? /a. 
Equating Fe to Fn given by Eq. (5.4), we have mu” /a = quBsin@. Since the magnetic 
field is perpendicular to the particle velocity, sin@ = 1. Hence, a = mu /qB. 


Problem 5.4 The rectangular loop shown in Fig. P5.4 consists of 20 closely 
wrapped turns and is hinged along the z-axis. The plane of the loop makes an 
angle of 30° with the y-axis, and the current in the windings is 0.5 A. What 
is the magnitude of the torque exerted on the loop in the presence of a uniform 
field B = y2.4 T? When viewed from above, is the expected direction of rotation 


clockwise or counterclockwise? 


Figure P5.4: Hinged rectangular loop of Problem 5.4. 


Solution: The magnetic torque on a loop is given by T = m x B (Eq. (5.20)), where 
m = ANIA (Eq. (5.19)). For this problem, it is given that Z = 0.5 A, N = 20 turns, and 
A=0.2 mx 0.4 m=0.08 m’. From the figure, i = —fcos 30° +f sin30°. Therefore, 
m = 0.8 (A-m?) and T = 0.8 (A-m”) x $2.4 T = —21.66 (N-m). As the torque is 
negative, the direction of rotation is clockwise, looking from above. 


Problem 5.7 An 8cm x 12 cm rectangular loop of wire is situated in the x-y plane 
with the center of the loop at the origin and its long sides parallel to the x-axis. The 
loop has a current of 50 A flowing clockwise (when viewed from above). Determine 
the magnetic field at the center of the loop. 


Solution: The total magnetic field is the vector sum of the individual fields of each of 
the four wire segments: B = Bı +B2 + B3 + By. An expression for the magnetic field 
from a wire segment is given by Eq. (5.29). For all segments shown in Fig. P5.7, the 


Figure P5.7: Problem 5.7. 


combination of the direction of the current and the right-hand rule gives the direction 
of the magnetic field as —z direction at the origin. With r = 6 cm and / = 8 cm, 
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Similarly, 


B, = —29.24 x 10° (T), B4 = —220.80 x 10° (T). 
The total field is then B = Bı + B2 + B3 + B4 = —20.60 (mT). 


Problem 5.14 Two parallel, circular loops carrying a current of 40 A each are 
arranged as shown in Fig. P5.14. The first loop is situated in the x—y plane with its 
center at the origin, and the second loop’s center is at z = 2 m. If the two loops have 
the same radius a = 3 m, determine the magnetic field at: 


(a) z= 
(b) z=1m 
(c) z=2m 


Figure P5.14: Parallel circular loops of Problem 5.14. 


Solution: The magnetic field due to a circular loop is given by (5.34) for a loop in 
the xy plane carrying a current J in the +6-direction. Considering that the bottom 
loop in Fig. is in the xy plane, but the current direction is along —Ọ. 


Ta? 


m= Har +22)3/2? 


where z is the observation point along the z-axis. For the second loop, which is at a 
height of 2 m, we can use the same expression but z should be replaced with (z — 2). 
Hence, 
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(a) At z = 0, and with a = 3 m and I = 40 A, 


EN kiia lly EE = —210.5 A/m 
~ 2 [33 (944)3/2] = i 


(b) At z = 1 m (midway between the loops): 
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| = —211.38 A/m. 


(c) At z = 2 m, H should be the same as at z = 0. Thus, 


H = —210.5 A/m. 


Problem 5.21 Current J flows along the positive z-direction in the inner conductor 
of a long coaxial cable and returns through the outer conductor. The inner conductor 
has radius a, and the inner and outer radii of the outer conductor are b and c, 
respectively. 
(a) Determine the magnetic field in each of the following regions: 0 <r < a, 
asrab b<r<candr>c. 
(b) Plot the magnitude of H as a function of r over the range from r = 0 to 
r= 10cm, given that 7 = 10 A, a = 2 cm, b = 4 cm, and c = 5 cm. 


Solution: 
(a) Following the solution to Example 5-5, the magnetic field in the region r < a, 


a rI 
H=o—, 
ETA 
and in the region a < r < b, 
TE 
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The total area of the outer conductor is 4 = 7 (c? — b?) and the fraction of the area 
of the outer conductor enclosed by a circular contour centered at r = 0 in the region 
b<r<cis 

1(r* — b?) o r? —b? 

n(c?—b?) -b2 


The total current enclosed by a contour of radius r is therefore 


i asf; r2 — b2 a er 
enclosed — a? i 


and the resulting magnetic field is 


H=6 enclosed E oe (5) i 
27r 2ar \ e — b? 

For r > c, the total enclosed current is zero: the total current flowing on the inner 
conductor is equal to the total current flowing on the outer conductor, but they are 
flowing in opposite directions. Therefore, H = 0. 

(b) See Fig. P5.21. 
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Figure P5.21: Problem 5.21. 


Problem 5.27 Ina given region of space, the vector magnetic potential is given by 
A = $5 cos Ty +2(2 + sin mx) (Wb/m). 
(a) Determine B. 


(b) Use Eq. (5.66) to calculate the magnetic flux passing through a square loop 
with 0.25-m-long edges if the loop is in the x-y plane, its center is at the origin, 
and its edges are parallel to the x- and y-axes. 


(c) Calculate ® again using Eq. (5.67). 


Solution: 
(a) From Eq. (5.53), B= V x A= ĉ5n sin Ty — Pa cos Tx. 
(b) From Eq. (5.66), 
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(c) From Eq. (5.67), B= p A-dé, where C is the square loop in the x-y plane with 


0.125 


c 
sides of length 0.25 m centered at the origin. Thus, the integral can be written as 
p= faa = Stront + Sback + Stest + Sright; 


where Stront» Spack- Steft- ANd Sright are the sides of the loop. 
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Thus, 
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Problem 5.32 The x-y plane separates two magnetic media with magnetic 
permeabilities u; and uz (Fig. P5.32). If there is no surface current at the interface 
and the magnetic field in medium 1 is 


Hı = XA, + YAy +2A)z 


find: 

(a) H2 

(b) 0; and & 

(c) Evaluate H2, 6;, and 0z for Hy, = 2 (A/m). Hıy = 0, Hız = 4 (A/m). Uy = Mo. 

and Uz = 4Uo 
x-y plane 
Figure P5.32: Adjacent magnetic media 
(Problem 5.32). 

Solution: 


(a) From (5.80), 


Ly Ain = Hon, 


and in the absence of surface currents at the interface, (5.85) states 


Fy = Ay. 


In this case, Hı- = Hın, and Hj, and Hyy are tangential fields. Hence, 


HHz = oH, 
Ax = Hx, 
My = Hy, 
and u 
H: = Hix +My +2 Hiz. 
Lo 
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8 = tan 7 63.44°. 


Problem 5.35 The plane boundary defined by z = 0 separates air from a block of 
iron. If Bı = x4 —y6+2Z8 in air (= > 0), find Bz in iron (= < 0), given that u = 5000{o 
for iron. 


Solution: From Eq. (5.2), 


as l ga $6 +28) 
: Ly My = i 


The z component is the normal component to the boundary at z = 0. Therefore, from 
Eq. (5.79), B22 = Bız = 8 while, from Eq. (5.85), 


Ab, = Hix = — 4, H» = Hy = —— 6, 
Ui i j 1 
or 
Bx = oF = ny Bry = U2Hzy = _ He A 
Mi j Mi 


where L/U = U, = 5000. Therefore, 


B2 = £20000 — 930000 + 28. 


Problem 5.37 Obtain an expression for the self-inductance per unit length for the 
parallel wire transmission line of Fig. 5-27(a) in terms of a, d, and u, where a is 
the radius of the wires, d is the axis-to-axis distance between the wires, and u is the 
permeability of the medium in which they reside. 


Solution: 


I 
—j—_> | 


Figure P5.37: Parallel wire transmission line. 


Let us place the two wires in the x-z plane and orient the current in one of them to 
be along the +z-direction and the current in the other one to be along the —z-direction, 
as shown in Fig. P5.37. From Eq. (5.30), the magnetic field at point P = (x,0,z) due 
to wire | is 

B, = gf = = ; 
2nr 27x 
where the permeability has been generalized from free space to any substance with 


permeability u, and it has been recognized that in the x-z plane, ọ = f and r = x as 
long as x > 0. 


Given that the current in wire 2 is opposite that in wire 1, the magnetic field created 
by wire 2 at point P = (x,0,z) is in the same direction as that created by wire 1, and 
it is given by 


a H 
=I- 


Therefore, the total magnetic field in the region between the wires is 


„ UI 1 , Md 
B=B,+B,—9— |- =9—— 
i = (2 +74) Yax(d—x) 


From Eq. (5.91), the flux crossing the surface area between the wires over a length / 
of the wire structure is 


v= fee [E tg) ome 
-GEE 
-e (a(n) 
e n (48) -n (42), 


Since the number of ‘turns’ in this structure is 1, Eq. (5.93) states that the flux linkage 
is the same as magnetic flux: A = ®. Then Eq. (5.94) gives a total inductance over 


the length / as 
A @® l d— 
p= $= 9-8 m (25) (H). 
I I T a 


Therefore, the inductance per unit length is 


r= = “n(<*) Š Em(2) (H/m), 
a a 


where the last approximation recognizes that the wires are thin compared to the 
separation distance (i.e., that d > a). This has been an implied condition from the 
beginning of this analysis, where the flux passing through the wires themselves have 
been ignored. This is the thin-wire limit in Table 2-1 for the two wire line. 


Problem 5.38 A solenoid with a length of 20 cm and a radius of 5 cm consists 
of 400 turns and carries a current of 12 A. If z = 0 represents the midpoint of the 
solenoid, generate a plot for |H(z)| as a function of z along the axis of the solenoid 
for the range —20 cm < z < 20 cm in 1-cm steps. 


Solution: 
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Figure P5.38: Problem 5.38. 


Let the length of the solenoid be / = 20cm. From Eq. (5.88a) and Eq. 
(5.88b), z = atan@ and a? +7? = a? sec? O, which implies that z=/ Vz? +a? = sin@. 
Generalizing this to an arbitrary observation point =’ on the axis of the solenoid, 


(c—2)/\/ (¢—=/)? +a? = sin@. Using this in Eq. (5.89), 


B I 
H(0,0,2’) = oe 25 (Sine —sin 6) 


nI 1/2-27 —1/2-7 
7 (Vaz-7}+ (-1/2-2)P +e 
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A plot of the magnitude of this function of 7’ with a = 5 cm, n = 400 turns/20 cm = 
20,000 turns/m, and J = 12 A appears in Fig. P5.38. 


Problem 6.1 The switch in the bottom loop of Fig. P6.1 is closed at ż = 0 and 
then opened at a later time ¢;. What is the direction of the current J in the top loop 
(clockwise or counterclockwise) at each of these two times? 


Figure P6.1: Loops of Problem 6.1. 


Solution: The magnetic coupling will be strongest at the point where the wires of the 
two loops come closest. When the switch is closed the current in the bottom loop will 
start to flow clockwise, which is from left to right in the top portion of the bottom 
loop. To oppose this change. a current will momentarily flow in the bottom of the 
top loop from right to left. Thus the current in the top loop is momentarily clockwise 
when the switch is closed. Similarly, when the switch is opened, the current in the 
top loop is momentarily counterclockwise. 


Problem 6.6 The square loop shown in Fig. P6.6 is coplanar with a long, straight 
Wire carrying a current 


I(t) =Scos(2m x 104) (A). 


(a) Determine the emf induced across a small gap created in the loop. 


(b) Determine the direction and magnitude of the current that would flow through 
a 4-Q resistor connected across the gap. The loop has an internal resistance of 


1Q. 

z 

H= 10 cm—>| 
Figure P6.6: Loop coplanar with long wire (Problem 6.6). 
Solution: 
(a) The magnetic field due to the wire is 

B=$6 Hol — Hol , 

2nr 2my 


where in the plane of the loop, ò = —Å and r = y. The flux passing through the loop 
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MoI x 107! nd 
27 5 
_ 4m x 1077 x Scos(2m x 104) x 107! 
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=1.1 x 107 cos(2m x 10*r) (Wb). 
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Vemt =- = 1.1 x 20x 10* sin(27 x 10*t) x 1077 


=6.9x 10-7sin(2m x 10*t) (V). 
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(b) 


_ Vag _ 6.9 x 10-3 


Ina = = 
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sin(2m x 10*t) = 1.38sin(2m x 10*t) (mA). 

At t= 0, B is a maximum, it points in —x-direction, and since it varies as 
cos(2m x 104f), it is decreasing. Hence, the induced current has to be CCW when 
looking down on the loop, as shown in the figure. 


